Materials and methods
A retrospective analysis was performed in 21 consecutive patients in whom metastatic disease of the spine was managed with a percutaneous vertebroplasty at 27 different levels between April 1996 and February 2002 at our institution. Vertebroplasty was performed in patients with a vertebral collapse, with or without neurological deficit, and intractable pain unresponsive to conservative treatment. The presence of lytic lesions of the posterior wall did not exclude patients from this procedure. Myelomas were excluded from this series.
All the vertebroplasties were performed by neuroradiologists with the technique previously reported [2] . A posterolateral or transpedicular approach was made, according to the level treated under fluoroscopic guidance. Computed tomography (CT) guidance was used for an anterior approach in the cervical spine. A double-side transpedicular approach was used for thoracic vertebrae and L5, while a posterolateral route was chosen for the rest of the lumbar spine. Neuroleptoanalgesia and local anesthesia (2% lidocaine) were used in all cases. The polymethylmethacrylate (PMMA) used was CMW3 Gentamicin (DePuy International Ltd, Blackpool, UK) mixed with 1 g Tungsten powder (Balt, Monmorency, France) to increase its radio-opacity. The cement was injected using a screw-system syringe with a 14-G needle, which allows a controlled procedure and decreases the effort needed to inject the cement. Injection was stopped if a leak of methylmethacrylate into the spinal canal was detected, even when the complete lesion filling had not been achieved. The amount of cement injected was 4.2 cc (range 2-5 cc). CT was performed after the procedure to assess the distribution of the PMMA and the presence of leaks.
Clinical outcome was assessed by evaluating ability to walk and severity of pain, using a visual analog scale (VAS) and changes in analgesic treatment before and after the procedure. Ambulation was graded as follows: gait without support, gait with a cane, or nonambulatory because of severe spinal pain or motor weakness of the lower extremities. The Frankel score [10] was used for neurological function. The Tokuhashi score [21] was used to assess the patient's general health and estimation of life expectancy. For subjective assessment of the overall result of the procedure, the patient was asked to select one of the following options: (1) very satisfied, (2) satisfied, (3) acceptable, (4) dissatisfied, or (5) very dissatisfied. Radiographic follow-up evaluation was done at 3-month intervals.
Statistical analysis was performed using SPSS 9.0 software package (SPSS Inc., Chicago, Ill.) for Windows. The Wilcoxon paired test was used to assess significance in pre-and postprocedural differences in pain and functional status, and the McNemar test was used to assess improvement in the gait.
Results
Fourteen women and seven men with a mean age of 58 years (range 27-78 years) were studied. The primary tumors were lung carcinoma (four patients), gastrointestinal tract carcinoma (three patients), renal cell carcinoma (three patients), breast carcinoma (three patients), prostate carcinoma (two patients), carcinoma of the uterus (one patient), malignant tumors at other different sites (two patients), and adenocarcinoma of unknown primary origin (three patients).
The lumbar spine was the most common site for metastatic deposits, which were present in 20 patients (95%). Eleven patients (52%) had multiple levels of spinal involvement. Sixteen patients (76%) had concomitant bone D  E  4  5  2  3  19  M  57  L3  10  3  3  C  C  A  A  3  3  30  1  20  M  78  L5  9  3  3  C  C  A  A  3  3  40  1  21  M  69  L1  8  3  3  C  B  B b  D  4  4  50  2 a A: gait without support; B: gait with a cane; C: nonambulatory b Decompression surgery associated metastases elsewhere than in the spine, and all patients presented nonskeletal metastases. Back pain was the main symptom in all cases, with radiculopathy in four cases (19%). Pyramidal irritation (Babinski sign, hyper-reflectivity, spasticity) was present in eight patients (38%). The VAS showed significant improvement after treatment. As shown in Table 1 , the average pain VAS revealed a significant reduction in pain intensity after the intervention (P<0.001), which was maintained at 3-months' follow-up. Pain medication was suppressed in 7 out of 14 patients who had been preoperatively treated with high doses of morphinics. Eight patients could walk without support before and after the procedure. Of the remaining 13 patients, ten (77%) showed improvement in ambulation immediately after the procedure. These data were statistically significant, with P<0.01 on a McNemar test. Postprocedural mobilization was initiated with no additional external stabilization in 13 patients. Five patients presented neurological compromise of at least Frankel grade C, and decompressive surgery was associated in three of these patients. The other two patients had a long-term neurological deficit with a very short life expectancy. Fifteen patients received radiation therapy. Neurological improvement was observed in three patients, two with a decompressive laminectomy and one with radiotherapy alone. None of the patients treated developed neurological deterioration.
The Tokuhashi score was 5.5 (range 2-9). Seven patients (33%) had presented a preprocedural Tokuhashi score of 4 or less, 13 patients (62%) a Tokuhashi score of between 5 and 8, and one patient a Tokuhashi score of 9. After the PV these scores improved by one point in only two cases, and were maintained in the rest. The patients were discharged from hospital after 14.2 days (range 2-60 days). Excluding four patients who died during hospitalization after the PV because of their disease, the average number of hospitalization days was 6.6 (range 2-15).
Mean postprocedural survival time was 5.6 months (range 1-18 months). The longest survival time was in a patient with a prostatic metastasis and a Tokuhashi score of 9, in whom the cemented vertebrae remained stable during follow-up.
Leakage of the cement outside the vertebral body was noted in 12 of 27 vertebrae (44%). The leakage was in the disk in one case, in the entry site in another case and in the epidural veins in ten cases (37%). Despite the high number of leaks of PMMA detected with CT in our patients, only one patient had a transitory radicular neuritis after the procedure. The presence of these leaks did not affect the functional result. We also did not find any relationship between the amount of cement injected and the functional result or the presence of leaks. No other major complications were related with the procedure. The post procedure and last follow-up visit plain X-ray films obtained in patients demonstrated no further collapse of the vertebrae treated.
The subjective assessment showed that seven patients (33%) were very satisfied with the result of the PV, ten (48%) were satisfied, two patients (10%) found them acceptable and only two patients (10%) were dissatisfied.
Discussion
The spinal column is the most frequent site of metastatic tumors [12] . Vertebral metastases are often asymptomatic; however, the presence of a pathologic fracture secondary to vertebral destruction, or the development of spinal instability from such a fracture, may be the origin of pain and neurological symptoms. The treatment of these patients is controversial and must be integrated into the overall management of the cancer patient.
Conventional therapy for painful spinal metastasis consists of bedrest, bracing, radiation therapy and pain medication. The analgesic effect of radiation therapy can be complete or almost complete in 83% of cases [18] . However, radiotherapy does not correct spinal instability [19] , and its efficacy is delayed, as the mean time for maximum analgesic effect is 35 days (range 0-150 days) [18] , and the bone strengthening effect is delayed 2-4 months after the start of irradiation, which increases the risk of vertebral collapse [11] .
Indications for surgery are generally: intractable pain unresponsive to conservative treatment, deformity, biomechanical impairment, and neural deficits [3, 16] . However, the surgical options require significant postprocedural recovery and have associated morbidity and mortality in 19-48% of the cases [17, 20] , in patients who often have limited life expectancies. Survival time is a factor that must be considered and, although no absolute value has been established, in general, a minimum life expectancy of 3-6 months has been accepted as a prerequisite for surgery [5] , which is a problem for the management of terminal patients with intractable pain associated with instability. Furthermore, surgery in vertebral metastasis without neural deficit results in substantial functional improvement, but does not increase the duration of life [6] . In conclusion, pain relief and maintaining quality of life must be balanced with the patient's life expectancy, comorbidities and functional status.
Percutaneous vertebroplasty consists in percutaneous injection under fluoroscopy guidance of PMMA through a needle into a weakened vertebral body. This procedure tries to solve the problem in the management of a selected group of patients with a metastatic disease that lacks a clear treatment option at this moment. In most patients in our group, surgery was not considered because of the extension of the disease and a short life expectancy. The procedure allowed the patients to stand without pain, to decrease the dose of morphinics and to leave hospital promptly. PV has demonstrated an immediate analgesic efficacy in 90% of the patients in our series. An excellent result (with a VAS of 3 or less) was obtained in 67% of the cases. The results were stable over time. These data are similar to other previously reported results [4, 7, 8, 9, 13, 14, 23] . From our point of view, the most important finding is that 69% of nonambulatory patients became ambulatory after the PV procedure. These results are very similar to those reported in the literature for patients treated with radiotherapy [18] or surgery [12, 22] ; however, complication rate and in-hospital days compare favorably with other surgical reports [17, 20, 22] . The presence of multiple skeletal and other metastases, as potential sources of pain, made these results worse than those obtained with this technique in the management of pain from osteoporotic compression fractures [1] .
Presence of neurological deficit is an indication for emergency salvaging surgery, with a higher risk of morbidity after surgery [20] . In our patients, neurological deficit was managed by the combined use of PV, radiotherapy and, in three cases with posterior neural decompression, without instrumentation. Use of bone cement ensures immediate stability, it is bioinert, and its solidity is not affected by irradiation [15] .
The key to safe performance of PV is recognizing that therapeutic response is not related to the degree of filling, but is related to the risk of complications. It is important to understand that there is no relationship between the degree of vertebral body filling and the likelihood of achieving pain relief in these patients [7, 8] . Procedural complications are related mostly to leakage of PMMA into adjacent structures because of vertebral cortical destruction or injection into the vertebral plexus. Several authors [8, 9, 23] have stated that clinically significant complications with PV occur predominantly in patients with spinal metastatic disease. These complications occur in patients with a lytic lesion affecting the posterior wall, and can result in cord compression. However, the presence of leakages in the epidural plexus in these patients (37%) was lower than our experience in the treatment of osteoporotic vertebral fractures, where the presence of cement in the epidural venous plexus was observed in 47% of the patients [1] . This may be related to the technique, as the cement is injected very slowly with a screw-type syringe that allows a controlled procedure, and the epidural plexus may be partially infiltrated from the metastatic disease.
Overall, 81% of the patients in this study were satisfied or very satisfied with the procedure, indicating a high level of acceptance. These data are similar to those reported for surgical treatment [22] .
Conclusions
The current results have demonstrated that PV in vertebral metastasis leads to substantial functional improvement in patients with expected survival of less than 6 months, with a very low rate of complications. In our opinion, PV should be included in the therapeutic arsenal for patients with a Tokuhashi score of 4 or less, with intractable pain from a spinal instability, where surgery is not considered. In patients with a Tokuhashi score of between 5 and 8, PV should be considered as an alternative to surgical stabilization. Patients with a neurological deficit can be effectively treated for pain relief with a PV, while radiotherapy allows a neurological recovery. We recommend further multidisciplinary, prospective studies to help define more clearly which patients are suitable candidates for PV treatment.
